on the ACGME Competencies n BACKGROUND AND OBJECTIVE: The Accreditation Council for Graduate Medical Education has mandated that residency programs teach and assess six specific competencies (ie, medical knowledge, patient care, communication and interpersonal skills, professionalism, practice-based learning, and systems-based learning). To the authors' knowledge, there is no standardized and widely used curriculum for teaching and assessing resident competencies in retinal lasers.
INTRODUCTION
The Accreditation Council for Graduate Medical Education (ACGME) has mandated that all residency programs in the United States, including ophthalmology, both teach and assess six general competencies. 1 Although patient care and medical knowledge are two of the recognized competencies, the ACGME has left the specialty and subspecialty content up to individual programs. One area of particular interest to ophthalmology training programs is competency in retinal lasers. To our knowledge, there is no standardized and widely used teaching and assessment curriculum for retinal lasers.
The University of Iowa Hospitals and Clinics Department of Ophthalmology formed an intramural Task Force in 2001 devoted to developing an implementation matrix for compliance with the ACGME mandate. The results of our Task Force efforts have been published previously. [2] [3] [4] [5] The objectives of this article are: (1) to define competency in retinal lasers; (2) to review the available literature on teaching and assessing laser competency; (3) to glean "good practices" from published works on retinal lasers; and (4) to propose a sample implementation matrix, including specific tools for teaching and assessing laser competency in ophthalmology residency.
METHODS
A PubMed literature search limited to "English language" from 1966 to 2006 was performed using the following search terms: "ophthalmic lasers," "curriculum," and "education." Titles were reviewed for topicality by a content expert (AGL) and selected abstracts were then reviewed in more detail. Individual full papers were obtained to glean specific good practices from the literature and make recommendations regarding tools for teaching and assessing laser competency in residency training. Additional abstracts and presentations were obtained from web sites on resident education, including the ACGME web site.
A content expert (AGL) used the following criteria for selecting and including full articles in this review: topicality to medical resident education; inclusion of assessment of ophthalmic laser competency; and empiric evidence of use and preferably outcome measures for teaching and assessment of domains in ophthalmic laser competency. Letters to the editor, case reports, opinion pieces, editorials, abstracts, and descriptive reports without outcome data were included only if they added significant new or important information. The literature from non-physician, paraprofessional, or pre-professional sources was not included unless specific new content or unique topicality was noted by the content expert (AGL). 
How Could We Teach and Assess Laser Competency?
Although there is no systematic, standardized, and widely accepted ophthalmic laser training curriculum, we recognize that individual programs and program directors already have existing non-published curricular materials. At the University of Iowa, the Task Force reviewed our existing ophthalmic laser curriculum and recommended the following approach for selecting and implementing tools for managing the ACGME mandate: (1) performing an educational inventory of existing teaching encounters and using the existing tools and infrastructure rather than creating new tools; (2) "piggy-backing" the ophthalmic laser teaching onto existing teaching encounters (eg, grand rounds, lecture, and existing resident curriculum); and (3) teaching and assessing laser competency simultaneously within the same learning encounter where possible.
In addition, the Task Force acknowledges that competency in retinal lasers includes proficiency across multiple ACGME domains (eg, professionalism, communication and interpersonal skills, and practice-based and systems-based learning). Table 1 describes methods for possibly integrating the full range of the six ACGME competencies into teaching and assessing resident competency in retinal lasers. Table 2 lists some teaching tools gleaned from our programmatic experience and from the literature that might serve as a menu of "good practices" for modification and adoption by ophthalmology programs. Likewise, Table 3 lists some potential assessment tools that could be linked to the specific teaching tools in Table 2 for ophthalmic laser competency. Table 4 lists some portfolio content that could be used to document resident competency in retinal lasers. Finally, Table 5 describes a sample implementation matrix that could integrate the identified  good practices from Tables 1 to 3 into a coherent strat- egy for managing the ACGME competency mandate locally within ophthalmology training programs. We do not recommend that every program use every tool on the list. In fact, we encourage programs to pick and choose from the menu of potential tools provided in the tables that are best suited to their individual programmatic needs and aligned with the institution's and department's resources (eg, time, money, faculty, and teaching culture). We acknowledge that not all of the tools that we reviewed are employed here at the University of Iowa. Instead, we provide the reader with the complete menu with the intent of allowing for choice and flexibility in implementing a local laser curriculum. Much of the content that we have offered is still being investigated at our own institution for feasibility and we are just in the beginning stages of testing the tools.
Teaching With Lectures, Seminars, Small Groups, and Symposia Linked With Assessments of Written or Oral Examinations
Lectures that incorporate the indications, contraindications, basic science, optics, mechanics, and techniques of retinal lasers currently exist within our and other programs' residency curriculum. Although we believe that the existing content on medical knowledge and patient care aspects of retinal lasers is probably sufficient for these domains, we recommend expanding the curriculum to include and emphasize the other ACGME competencies. Didactic lectures that include this content should be augmented through the inclusion of the other ACGME competencies as they apply to retinal lasers (eg, professionalism, communication and interpersonal skills, practice-based learning, and systems-based learning). Table 1 lists some aspects of ophthalmic laser competency that could incorporate these other ACGME competencies. The current in-service examination for ophthalmology residents in the United States (ie, the Ophthalmic Knowledge Assessment Program) and the American Board of Ophthalmology (ABO) written qualifying examination are written tests currently used for formative and summative assessment for medical knowledge and patient care competencies. We believe that the content and format for both examinations should be expanded to include more specific image-and laser-related competency questions that incorporate the other ACGME competencies (Tables 1 and 2 ).
Many ophthalmology programs (including the University of Iowa program) test residents with oral examinations at the conclusion of specific rotations, and the ABO also uses standardized case-based or patient management problem vignettes in their oral examination for board certification. Some advantages of oral testing include (1) a "face to face" individual interaction; (2) the ability to probe the depth and breadth of the learner's knowledge base, application, synthesis, and decision-making process; (3) the use of visual aids or other testing "props" to assess multiple areas of learner competence; and (4) a timed encounter.
Future intramural and ABO oral examinations should probably incorporate laser competency. The ACGME Outcome Project in the next phase will become increasingly focused on "aggregate performance data" that will demonstrate that program "outcomes" are appropriately aligned with the "structure and process" changes in Phases 1 and 2 of the Outcome Project. Aggregate performance improvement on in-service examination scores and pass rates on the ABO qualifying examinations may serve as such outcomes.
Teaching and Assessing With Standardized and Simulated Examinations
Standardized or simulated patients for live or even sham ophthalmic laser treatment would be difficult to achieve. Fortunately, digital fundus photographs can be used to create cognitive scenarios that can test laser competency in the absence of a live patient. Residents can view a standardized photograph with a "consensusvalidated" case vignette (eg, proliferative diabetic retinopathy or diabetic macular edema) and then be tested using an interactive format (pretesting and post-testing) or self-guided teaching module. The University of Iowa has developed a library of standardized digital images (with consensus best examples of key and representative retinal pathology) and a digital "bank" of interactive questions for teaching and assessing laser competency. An example of one standardized vignette with an integrated and interactive question and answer format is provided in Figure 1 . We are currently in the pilot phase of implementing the use of this module as a pretest and post-test for summative purposes, but also plan to use it for formative feedback encounters for both medical students and residents. The demonstration module is available online at https://webscreen.ophth.uiowa.edu/disc. We will also be implementing the use of a laser safety outline for our residents, and one potential outline is provided in Figure 2 .
Simulation technology in the field of retinal lasers remains in the early stages. Prior work has demonstrated the feasibility of using a simulation to teach and possibly assess resident competency in retinal lasers. 23 Advances in computer graphics technology and computer-generated images can improve the fidelity of the simulation to match the real-world laser applications and conditions in ophthalmology.
Ideally, the virtual reality simulator could replicate cognitive scenarios without the stress and safety issues associated with the apprenticeship model in live patients. In addition, precision and speed are key performance indicators for laser competency and duration of the procedure is correlated with patient discomfort. The parameters that need to be defined for a highfidelity simulation include clinical decision making, indications for treatment, stress management during difficult, complex, or complicated scenarios, and intraprocedural metrics for technical skill, appropriate laser settings (eg, spot size, power, and wavelength selection), efficiency of motion, and patient outcome. [18] [19] [20] [21] [22] [23] [24] [25] [26] Peugnet et al. compared virtual reality to conventional training in retinal photocoagulation. 24 In their study, residents were divided into two groups (virtual reality vs conventional training) and the final evaluation made by a single masked observer showed that the new training model was "at least as efficient" as the traditional one.
Teaching simulations and models have had variable success to date, but a standardized teaching paradigm aligned with pre-planned, written, explicit curriculum objectives has not been validated. Models for indirect ophthalmoscopy have also been reported and could have application in a simulated laser curriculum. [18] [19] [20] 30 Minckler et al. described an autopsy eye model for laser trabeculoplasty and iridectomy. 25 Oram et al. reported a human cadaveric model for anterior and posterior segment laser applications. 26 Rouland et al. reported the use of a computer-assisted, automated, learning device to simulate retinal laser photocoagulation, and other authors have reported similar uses. 28 Laser courses at the American Academy of Ophthalmology have used printed photographs of various conditions that are attached to the slit lamp of the laser delivery system.
Teaching and assessment techniques have been proposed for the Ophthalmology Wet Lab. Similar techniques have been and should continue to be adapted for the ophthalmic laser curriculum. 17 There are several advantages for computerized or model simulation over animal or cadaveric eyes. Biologic material has a limited shelf life and degrades over time, is difficult to store (ie, refrigeration issues), and is messy and odiferous for use. It has long-term storage capacity and space concerns, tends to lose clarity even after removal of the corneal epithelium with stromal dehydration, and creates clean up problems that provide disincentives for resident use. This material also can be limited in availability or accessibility (ie, access to the wet lab). The fidelity of the re- sponse of cadaveric retina to laser application is variable, but in general higher energy levels are required to induce a response and the visible change in the fundus after treatment does not replicate the laser findings in living tissue. Finally, it is cost prohibitive to duplicate lasers for training, and there are restrictions to using cadaver and animal material in human procedure suites.
Teaching and Assessing With Chart Review, Chart Stimulated Recall, and Chart Audit
Learner-initiated or mentor-supervised chart reviews or chart stimulated recall methods are useful teaching techniques that can be used to assess real-world decision-making and prompt learner selfreflection. Learners should record the following in their portfolio for each laser treatment that they performed: the date of the entry, the level of supervision, the date of the procedure, the type of laser used, the diagnosis code (ICD-9), and the specific treatment (CPT code). The laser log should also include outcome data and sentinel event markers of complications (eg, visual loss, vitreous hemorrhage, repeat laser treatment necessary in less than 2 weeks, inadvertent laser treatment to macula, incorrect intensity of laser burns [too strong or weak], and corneal abrasions). Learners should reflect on their performance and make practice-based improvements in technique, particularly following sentinel events.
External chart reviews and chart audits can also identify outliers and produce aggregate data. These chart audits could include data abstraction on specific outcomes (eg, adherence to diagnostic or laser safety protocols, visual outcome, patient satisfaction, and sentinel events). At the University of Iowa, we employ an electronic evaluation system that allows faculty members to provide single event ("praise," "recommendation for improvement," or "warning") notification independent of their final summative evaluation for the rotation.
Teaching With Case Presentations or Case-Based Learning and Assessing With Direct Observation or Structured Checklists
The traditional resident case presentations (eg, grand rounds and morning report) should teach and assess more than the medical knowledge and patient care aspects of laser competency. Table 1 lists the application of multiple competencies during a particular laser session. Teaching with case presentations or case-based learning should include these non-cognitive-based domains and assessment of other competencies can be achieved with direct observation or structured checklists. The proposed Iowa Ophthalmology Laser Competency (IOLC) curriculum is available from the authors.
The IOLC curriculum defines expectations stratified by postgraduate year (PGY) of training, divides the laser curriculum into cognitive and technical components, and includes specific assessments, formative feedback, deliberate practice, and self-reflection in the process. The IOLC formative feedback checklist for direct observation of laser procedures is available from the authors. The formative feedback forms include "samples of behavior" (good and bad) representing specific areas of commendation, concern, question, or improvement; specific "areas of improvement"; and, if necessary, recommended "corrective" or remediation activities. Figure 3 describes the IOLC informed consent checklist for laser competency. This form was modified from previous authors who have developed, tested, and advocated the use of similar scoring rubrics for teaching and assessing surgical skills in a standard- 
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Although our IOLC form (Fig. 4) uses a narrative scoring system based on the Dreyfus model, a quantitative scale could be added to the scoring rubric. Future study including aggregate data, benchmarking scores, and comparison across multiple centers might be useful for establishing face and content validity, inter-rater and intra-rater reliability, and generalizability. It is our intention to deploy these tools and collect quantitative data and feedback on implementation over time.
The teaching and assessment encounters can occur in real time by viewing videotaped laser procedures or informed consent procedures or before and after viewing fundus photographs. The use of videotapes or photographs might reduce the faculty time burden by allowing the formative reviews of the learner to occur at the convenience of the faculty member rather than during clinic time. However, there are disadvantages to videotaped or photographic versus live encounters, including the inherent artificial nature of videotaped encounters and loss of the nuances of a live encounter.
Assessing With Qualitative Reviews and Global Ratings
Qualitative faculty reviews in the form of end-ofrotation global ratings are the most commonly used assessment tool in residency programs. We have previously described the advantages and disadvantages of the global evaluation form. We do not believe that the traditional global evaluation form alone can adequately assess laser competency, but it should be included in the summative and formative feedback for the learner in laser competency. The University of Iowa system proposes using a variety of evaluation methods to capture formative information about resident performance in ophthalmic laser competency that forms the basis of the final summative feedback (eg, direct observation, attendance at didactics, presentations at rounds, informed consent observation, sentinel event monitoring with self-reflection, and the laser log for the resident's portfolio).
SUMMARY
Although ophthalmic laser competency is part of the ACGME competency mandate (currently under patient care), the laser curriculum actually encompasses multiple competencies beyond patient care and medical knowledge alone. The teaching of laser competency in ophthalmology should include tools that teach and assess simultaneously and are reliable, valid, affordable, generalizable, feasible, fair, and require only a modest amount of faculty time. The ACGME toolbox for teaching and assessing patient care includes multiple potential tools, but it is likely that four major teaching tools will emerge as a starting point for most programs (eg, traditional didactic lectures with laser content, simulated or standardized case vignettes perhaps with digital imaging and interactive formats, self-reflection, sentinel event markers, internal and external chart review and chart audit, and portfolio project). 
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Likewise, although there are several assessment options for patient care found in the literature, we recommend as good practices the following four basic tools for laser competency: written, online, and oral examinations on knowledge base, clinical images, and laser safety; direct observation under live conditions with formative feedback using a structured checklist; a 360° evaluation; and self-reflection with a laser log and learner portfolio. Table 5 provides a sample implementation matrix that provides examples of "how, when, where, and what" can be taught and assessed in laser competency.
We recognize the limitations of our work. First, we only provide descriptive methodology for our proposed laser curriculum (although this is our stated intent). Much of our work remains untested and implementation barriers exist for widespread adoption of any or all of our recommendations from the literature. These limitations would equally apply to our own home institution and to other programs. Second, the resources of the University of Iowa may not be available or generalizable to all institutions. Third, we do not provide outcomes data that these educational innovations and interventions improve actual laser performance in real patients, although we are in the midst of implementing and testing the curriculum for pilot data. Fourth, the proposed content requires review and revision through an iterative process that will likely require several months, if not years, of field testing before we can begin to assess the downstream outcome measures. At the University of Iowa, although it is our plan to launch the curriculum in stages locally, our implementation effort has been admittedly slow and we acknowledge that our process as described remains in the starting phases.
Despite these limitations, we believe that a structured and standardized approach to teaching and assessing laser competency is an important first step in documenting compliance with the ACGME mandate in this area. We hope future work will provide evidence of improved patient outcomes and proof of competence in retinal lasers among residents and, ultimately, graduates in practice.
